Dietary phosphate restriction induces hepatic lipid accumulation through dysregulation of cholesterol metabolism in mice.
Excessive inorganic phosphate (Pi) intake and hyperphosphatemia have both been speculated to be risk factors for cardiovascular disease and hypercholesterolemia, and dysregulation of cholesterol metabolism can lead to atherosclerosis. However, the relationship between Pi and cholesterol metabolism has not been investigated in detail. Our recent study showed that triiodothyronine can induce both hyperphosphatemia and hypocholesterolemia in mice. We therefore hypothesized a possible linkage between Pi and cholesterol metabolism. In this study, we investigated the effects of dietary Pi intake on cholesterol metabolism in mice. Mice were divided into 4 groups, which were fed diets containing 1.2% or 0.1% Pi and with or without 2% cholesterol (Pi-sufficient, Pi-restricted, Pi-sufficient + Chol, and Pi-restricted + Chol), for 12 days. Inorganic phosphate-restricted mice exhibited significantly higher liver weights than did Pi-sufficient mice. Interestingly, dietary Pi restriction significantly increased high-cholesterol diet-induced hepatic lipid accumulation. Real-time polymerase chain reaction analysis revealed that dietary Pi restriction decreased expression of hepatic genes involved in cholesterol metabolism and fatty acid biosynthesis. In addition, hepatic messenger RNA levels of several transcription factors including peroxisome proliferator-activated receptors and liver X receptor were markedly decreased by Pi restriction. Furthermore, plasma lipid and lipoprotein profile analysis showed that dietary Pi restriction reduced susceptibility to high-cholesterol diet-induced hyperlipidemia. Importantly, we found that there was a significant negative correlation between plasma levels of Pi and total cholesterol. These results suggest that dietary Pi plays an important role in the development of fatty liver disease and hyperlipidemia induced by a high-cholesterol diet through regulation of lipid metabolism-related gene expression in the liver.